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(54) Electric power steering apparatus 

(57) In an electric power steering apparatus, it is 
judged whether or not a value of primary delay of tem- 
perature increase in a driving circuit for an electric motor 
tends to decrease, and when the value of primary delay 
IS judged to tend to decrease, a new value of primary 

FIG. 4 



delay is obtained with a time constant set smaller, so 
that an upper limit value of a motor current can' be 
decided on the basis of the new value of primary delay. 
Thus, a steering power can be rapidly recovered. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electric 
power steering apparatus for an automobile, and more 
particularly, it relates to overheat protection of an elec- 
tric motor for assisting a steering force. 
[0002] A conventional electric power steering appara- 
tus in which an electric motor is used as means for 
assisting a steering force has a configuration, for exam- 
ple, as is shown in a block diagram of FIG. 1. In this 
electric power steering apparatus, a torque sensor 1 
provided on a steering shaft detects torque applied 
thereto, a vehicle speed sensor 2 detects a vehicle 
speed, and data detected by these sensors are input to 
a microprocessor 3. On the basis of the infornnation sup- 
plied by the sensors 1 and 2, an assist characteristic 
deciding section 31 decides a current component for 
driving an electric motor 5 so as to cancel the detected 
torque. An inertia control characteristic deciding section 
32 decides, also on the basis of the information supplied 
by the sensors 1 and 2. a current component for driving 
the electric motor 5 so as to cancel the inertia of the 
electric motor 5. 

[0003] The value of the current component decided by 
the assist characteristic deciding section 31 is input to a 
protecting section 36, and the protecting section 36 
decides an upper limit value and outputs the upper limit 
value to an adder 37. The value of the current compo- 
nent decided by the inertia control characteristic decid- 
ing section 32 is directly input to the adder 37. and the 
adder 37 obtains a sum of these values. The sum is 
then input to a subtracter 38. 

[0004] A driving current for the electric motor 5 for 
assisting a steering force is detected by a current 
detecting element 6 and the thus detected value is sup- 
plied to the microprocessor 3. This data is also supplied 
to the subtracter 38 as feedback data and to the protect- 
ing section 36 to be used for determining the upper limit 
value. 

[0005] A difference, that is. the output of the subtracter 
38, is input to a motor driving circuit 4. so that the elec- 
tric motor 5 can be driven by a PWM vmve in accord- 
ance with the difference. 

[0006] The upper limit value of the driving current for 
the electric motor 5 determined by the protecting sec- 
tion 36 is defined, for example, as is shown in FIG. 2. In 
FIG. 2, the abscissa indicates an integrated value of the 
driving current (overload protection integrated value), 
namely, (driving current) ^/(1+Ts) , wherein s indicates 
a Laplacean and T indicates a time constant depending 
upon a tenperature increase characteristic of a transis- 
tor of the motor driving circuit. For exanple, T is equal to 
16384 seconds. The ordinate indicates the upper limit 
value. 

[0007] The integrated value indicates a value of pri- 
mary delay corresponding to temperature increase 



caused by an exothermic amount expressed by a 
square of the current and the accompanied heat radia- 
tion amount, and simulates the tenperature increase 
characteristic of the transistor of the motor driving circuit 
5 4. As is obvious from FIG. 2. when the integrated value 
exceeds a predetermined value, (3.7)^/(1 +Ts), the 
upper limit value is decreased from 60A, that is, a rated 
value. 

[0008] Now. the operation of the protecting section 36 
10 for determining the upper limit value of the driving cur- 
rent for the electric motor 5 will be described with refer- 
ence to a flowchart for showing the operation shown in 
FIG. 3. 

[0009] First, the protecting section 36 reads a current 
15 value detected by the current detecting element 6 (step 
SI), and calculates a square of the detected current 
value (step S3). Then, the square of this detected cur- 
rent value is added to an overload protection integrated 
value obtained in previous sampling, and the sum 
20 obtained through this addition is stored in a working 
RAM 1 (step S5). 

[001 0] Next the protecting section 36 divides the con- 
tent of the working RAM 1 by the time constant T multi- 
plies the obtained quotient by a sampling cycle (for 
25 exanple, 0.5 second), and stores the obtained product, 
as a value of primary delay, in a working RAM 2 (step 
ST). 

[0011] Subsequently, the protecting section 36 sub- 
tracts the content of the working RAM 2 from the con- 

30 tent of the working RAM 1, and defines the obtained 
difference as an overload protection integrated value 
(step S9). Then, on the basis of the thus obtained over- 
load protection integrated value, the protecting section 
36 determines the upper limit value of the motor current 

35 based on a table (not shown) listing the characteristic as 
is shown in FIG. 2 (step S11). 

[001 2] As described above, in the conventional elec- 
tric power steering apparatus, the value of primary 
delay of the tenperature increase in the motor driving 

40 circuit is obtained on the basis of a square of the motor 
driving current, and the upper limit of the driving current 
is determined on the basis of the obtained value of pri- 
mary delay Thus, the overheat protection of the motor 
driving circuit is performed. However, in the case where 

45 the time constant used for calculating the value of pri- 
mary delay is set at a large value with priority given to 
sufficient overload protection, even when it is necessary 
to increase the upper limit of the driving cun-ent in 
response to the decrease of the motor driving current, 

50 the recovery increase of the upper limit value can be 
delayed. As a result, the driving currerrt is suppressed 
for a long period of time, and the steering force is disad- 
vantageously continuously insufficient. 

55 BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention was devised to over- 
come the aforementioned problems, and the object of 
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the invention is providing an electric pov^er steering 
apparatus in which an upper limit value of a motor cur- 
rent decreased for overheat protection of a motor driv- 
ing circuit can be rapidly increased, so that a steering 
power can be rapidly recovered. ^ 
10014] The electric power steering apparatus of this 
irwention comprises a motor driving circuit for driving an 
electric motor for assisting a steering power; a detecting 
element for detecting a driving current for the electric 
motor; and an overheat protecting means for deciding 10 
an allowable upper limit value of the driving current for 
the electnc motor on the basis of the detected driving 
current, and the overheat protecting means includes 
means for calculating a square of the detected driving 
current; means for obtaining a value of primary delay of 15 
temperature increase in the motor driving circuit on the 
basis of the calculated square and a set time constant- 
increase/decrease judging means for judging whether 
or not the obtained value of primary delay tends 
to deaease; means for obtaining, when the 20 
increase/decrease judging means judges that the value 
of primary delay tends to decrease, a new value of pri- 
rnary delay with the time constant set at a smaller value 
than when it is not judged that the value of primary delay 
tends to decrease; and means for deciding the allowa- 25 
ble upper limit value of the driving current for the electric 
motor on the basis of the obtained new value of primary 
delay. ' 

[0015] In one aspect of the elertric power steering 
apparatus, the increase/decrease judging means com- 30 
pares the square of tiie detected driving current value 
with the value of primary delay and judges that the value 
of primary delay tends to decrease when the square is 
smaller than the value of primary delay. 
[001 6] In another aspect of the electric power steering 35 
apparatus, the value of primary delay is obtained by 
dividing a sum of an integrated value of the detected 
driving cunent and the square of the detected drivinq 
current by the set time constant. 

[0OI7] In still another aspect of the electric power 4o 
steenng apparatus, tiie overheat protecting means 
decides the allowable upper limit value of the driving 
current for the electric motor on the basis of a value 
obtained by subti-acting the value of primary delay from 
a sum of an integrated value of the detected driving cur- 45 
rent and the square of the detected driving current 
[0018] Accordingly, in the present electric power steer- 
ing apparatus, the increase/decrease judging means for 
jiriging whether or not the value of primary delay of the 
temperature increase in the driving circuit for the electric so 
motor tends to decrease makes judgement, so that the 
time constant used for calculating the value of primary 
delay can be set at a smaller value when the value of 
primary delay is judged to tend to decrease As a resutt 
the upper limit value of the motor current, which is 55 
decreased in accordance with the increase of the value 
of pnmary delay, can be rapidly increased when the 
value of primary delay tends to decrease, and hence a 



steering power can be rapidly recovered. 
[001 9] The above and further objects and features of 
the invention will more fully be apparent from the follow- 
ing detailed description wiUi accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0020] 

FIG. 1 is a block diagram for showing the configura- 
tion of a conventional electric power steering appa- 
ratus; 

FIG. 2 is an explanatory diagram for showing an 
upper limit value of a driving current for an electric 
motor determined by a protecting section; 
FIG. 3 is a flowchart for showing the operation of 
the conventional electric power steering apparatus; 
FIG. 4 is a block diagram for showing the configura- 
tion of an electric power steering apparahjs accord- 
ing to the invention; and 

FIG. 5 is a flowchart for showing the operation of 
the elecfric power steering apparatus of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 



[0021] A preferred embodiment of the invention will 
now be described with reference to the accompanyinq 
drawings. 

[0022] FIG. 4 is a block diagram for showing the con- 
figuration of an electric power steering apparahJs 
according to the invention. In this electric power steer- 
ing apparatus, a torque sensor 1 provided on a steering 
shaft detects torque applied thereto, a vehicle speed 
sensor 2 detects a vehicle speed, and the data detected 
by tiiese sensors are input to a microprocessor 3. 
[0023] On the basis of the information supplied from 
the sensors 1 and 2. an assist characteristic deciding 
section 31 decides a current component for driving an 
elecb-ic motor 5 so as to cancel the detected torque. An 
inertia control characteristic deciding sectfon 32 
decides, also on the basis of the informatton supplied 
from the sensors 1 and 2. a current component for driv- 
ing the elecfric motor 5 so as to cancel the inertia of the 
eledric motor 5. 

[0024] The value of the current component decided by 
the assist characteristic deciding section 31 is input to a 
protecting section 36a. and the protecting section 36a 
determines an upper limit value and outputs the upper 
limit value to an adder 37. The value of ttie current com- 
ponent decided by the inertia cortrol characteristic 
decicSng section 32 is directly input to the adder 37. The 
adder 37 obtains a sum of these values, and the sum is 
mput to a subti^acter 38. 

[0025] A driving cunent for the electric motor for 
assisting a steering power is detected by a current 
detecting element 6 and the detected current is supplied 
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to the microprocessor 3. This data is also supplied to 
the subtracter 38 as feedback data and to the protecting 
section 36a to be used for determining the upper limit 
value. 

[0026] A difference, that is. the output of the subtracter 
38. is input to a motor driving circuit 4. and the electric 
motor 5 is driven by a PWM wave In accordance w^ith 
the difference. 

[0027] FIG. 2 shows an example of the upper limit 
value of the driving current for the electric motor 5 deter- 
mined by the protecting section 36a. In FIG. 2, the 
abscissa indicates an integrated value of the driving 
cun'ent (overload protection integrated value), namely, 
(driving current) ^/(1+Ts) , wherein s indicates a 
Laplacean and T Indicates a time constant deperxJing 
upon a temperature increase characteristic of a transis- 
tor of the motor driving circuit. For example, T = = 
16384 seconds (adopted when the overload protection 
integrated value is increased) and T = T2 = 1000 sec- 
onds (adopted when the overload protection Integrated 
value is decreased). The ordinate indicates the upper 
limit value. 

[0028] The integrated value indicates a value of pri- 
mary delay corresponding to temperature increase 
caused by an exothemnal amount expressed by a 
square of the current and the accompanied heat radia- 
tion amount, and simulates the temperature increase 
characteristic of the transistor of the motor driving circuit 
4. As is obvious from FIG. 2, when the integrated value 
exceeds a predetermiried value, (3.7)^/(1 +Ts), the 
upper limit value is decreased from 60A, that is, a rated 
value. 

[0029] Now, the operation of the protecting section 
36a for determining the upper limit value of the driving 
current for the electric motor 5 will be described with ref- 
erence to a flowchart for showing the operation shown 
in Fia 5. 

[0030] First, the protecting section 36a reads a current 
value detected by the current defecting element 6 (step 
S11) and calculates a square of the detected current 
value (step S13). Then, the square of this detected cur- 
rent value Is added to an overload protection Integrated 
value obtained in previous sampling, and the result of 
this addition is stored in a working RAM 1 (step SI 5). 
[0031] Next, the protecting section 36a divides the 
content of the working RAM 1 by the time constant T^ 
adopted when the overload protection integrated value 
is increased, multiplies the obtained quotient by a sam- 
pling cycle (for example, 0.5 second), and stores the 
obtained product, as a value of primary delay, in a work- 
ing RAM 2 (step S17). 

[0032] Subsequently, the protection section 36a com- 
pares, by using increase/decrease judging means, the 
square of the currently detected current value with the 
content of the working RAM 2 (step S19). When the 
square of the currently detected current value is smaller, 
the content of the working RAM 1 is divided by the time 
constant T2 adopted when the overload protection Inte- 



grated value is decreased, which is smaller than the 
time constant T^ adopted when the overload protection 
integrated value is increased. The quotient resulting 
from the division is multiplied by the sampling cycle (for 

5 exarrple. 0.5 second). Then the protection section 36a 
stores the obtained product, as a new value of primary 
delay, in the working RAM 2 (step S21). 
[0033] When the square of the currentiy detected cur- 
rent value is larger tiian the content of the working RAM 

10 2. tiie content of the working RAM 2 is not changed but 
retained (stepS19). 

[0034] Next, the protecting section 36a subtracts the 
content of tiie working RAM 2 from the content of the 
working RAM 1, and defines the obtained difference as 

15 an overload protection integrated value (step S23). 
Then, on tiie basis of this overload protection integrated 
value, the protecting section 36 determines the upper 
limit value of the motor current based on a table (not 
shown) listing the characteristic as is shown in FIG, 2 

20 (step S24), and the procedure is returned. 

[0035] In comparison of an overload protection inte- 
grated value obtained in current sampling and an over- 
load protection integrated value obtained in previous 
sampling, when the currently detected current value is 

25 indicated as I and the overload protection integrated 
value obtained in tiie previous sanpling Is Indicated as 
R tine overload protection integrated value obtained in 
the current sampling is P+l ^-(P-i-l ^)/(T ^ x2) . Therefore, 
when P+l^-(P+r)/(Tix2) is smaller than P. 

30 I ^ < (P+l ^)/(T x2) , namely, the square of the currently 
detected cun'ent value is smaller tiian tiie content of the 
working RAM 2. 

[0036] According to tiie electric power steering appa- 
ratus of this invention, the upper limit value of a motor 
35 current, which is decreased in accordance with increase 
of a value of primary delay for overheat protection of a 
motor driving circuit, can be rapidly inaeased when the 
value of primary delay tends to decrease. As a result, 
tiie steering power can be rapidly recovered. 

40 

Claims 

1 . An electric power steering apparatus, comprising: 

45 a nrrator driving circuit (4) for driving an electric 

motor (5) for assisting a steering power; 
a detecting element (6) for detecting a driving 
current for the electric motor (5); and 
an overheat protecting means (36a) for decid- 

50 ing an allowable upper limit value of the driving 

current for the electric nrwtor (5) on the basis of 
the detected driving current, including: 

means for calculating a square of the 
55 detected driving cunent; 

means for obtaining a value of primary 
delay of temperature increase in the motor 
driving circuit on tiie basis of the calculated 
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square and a set time constant; and 
means for deciding the allowable uf^er 
limit value of the driving current for the 
electric motor (5) on the basis of the 
obtained new value of primary delay, 
characterized in that the overheat protect- 
ing means (36a) further includes: 
increase/decrease judging means for jwJg- 
ing whether or not the obtained value of 
primary delay tends to decrease; and 
means for obtaining, when the 
rncrease/decrease judging means judges 
that the value of primary delay tends to 
decrease, a new value of primary delay 
with the time constant set at a smaller is 
value than when it is not judged that the 
value of primary delay tends to decrease. 



10 



The electric power steering apparatus according to 
claim 1 ^ 



20 



wherein the increase/deaease judging 
means compares the square of the detected driving 
current value with the value of primary delay and 
judges that the value of primary delay tends to 
decrease when the square is smaller than the value 25 
of primary delay 

The electric power steering apparatus according to 
claim 1 or 2, 

wherein the value of primary delay is 30 
obtained by dividing a sum of an integrated value of 
the detected driving current and the square of the 
detected driving current by the set time constant. 

The electric power steering apparatus according to 35 
claim 1.2 or 3. 

.0. X overheat protecting means 

(36a) decides the allowable upper limit value of the 
dnving current for the electric motor (5) on the basis 
of a value obtained by subtracting the value of pri- 4o 
mary delay from a sum of an integrated value of the 
detected driving current and the square of the 
detected driving current. 
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FIG. 2 
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FIG. 5 
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